Despite the high prevalence of gallbladder disease in industrialized countries, little is known about the predictors of the disease, especially in men. The authors prospectively studied 16,785 alumni of Harvard University, aged 15-24 years, who were followed for up to 61 years. The health characteristics of these men were ascertained from their college entrance physical examination done in 1916-1950, and updated via mailed questionnaires in 1962 or 1966 (1962/1966). Alumni subsequently self-reported physician-diagnosed gallbladder disease on further mailed questionnaires in 1972 or 1977. Between college time and 1962/1966, 371 gallbladder disease cases occurred. An additional 314 cases occurred after 1962/1966. With respect to college characteristics, after adjustment for potential confounders, the authors found that body mass index (BMI), smoking, physical activity, blood pressure, and consumption of alcohol, coffee, or tea were unrelated to risk. However, BMI in 1962/1966 was directly related to risk of subsequent gallbladder disease, as was BMI gain since college (p, trend = 0.002 and 0.013, respectively). Compared with men with BMI <22.0, men with BMI >27.0 had a rate ratio of 2.71 (95% confidence interval (Cl) 1.57-4.66) for risk of contracting the disease. Men who gained &6.0 BMI units since college had a rate ratio of 1.46 (95% Cl 0.86-2.46) compared with men who gained -0.9 to +0.9 BMI units. Compared with never smokers, men who smoked pipes or cigars or <1 pack of cigarettes daily in 1962/1966 had a rate ratio of 1.43 (95% Cl 1.00-2.06), while heavier cigarette smokers had a rate ratio of 1.52 (95% Cl 1.03-2.24). Neither physical activity nor physician-diagnosed hypertension or diabetes mellitus in 1962 /1966 predicted risk. Am J Epidemiol 1998 147:644-51. cholelithiasis; gallbladder diseases; obesity; physical activity; smoking Gallstones are a common occurrence, especially in persons in industrialized countries. In the United States, the prevalence of this condition among individuals over age 40 years has been estimated to be at least 20 percent in women and 8 percent in men (1). Despite this high prevalence, predictors of gallstones and other gallbladder diseases are not well understood. Obesity is the best established predictor of gallbladder
disease; however, the data have been far more consistent in women than men (2) (3) (4) (5) . Weight gain also appears to increase risk of gallbladder disease in women (6, 7), but not in men (6, 8) . In some studies (8) (9) (10) (11) (12) (13) (14) , investigators have observed that cigarette smoking increases risk of gallbladder disease; in other studies (5, (15) (16) (17) (18) , investigators have reported findings to the contrary. The role of physical activity in predicting development of gallbladder disease also is unclear (8, 9, 19) . Alcohol consumption appears to be inversely related to risk (6, 7, 11, 18) .
One potential explanation for the previous inconsistent findings is that many studies enrolled only small numbers of subjects, leading to imprecise estimates of relative risk. Furthermore, confounding by obesity may be a potential source of bias in hospital-based case-control studies. Hospital controls are more likely to be obese, because obesity contributes to a host of health problems (20) . If obesity were not adjusted for, negative confounding might arise.
In order to provide more information, we studied prospectively the association of obesity, cigarette smoking, and other factors with the subsequent risk of developing gallbladder disease in a cohort of male college alumni followed for up to 61 years.
MATERIALS AND METHODS

Study subjects
The Harvard Alumni Health Study is an ongoing cohort study of the predictors of chronic diseases in men who matriculated as undergraduates at Harvard University in Boston, Massachusetts, between 1916 and 1950. The cohort was established when 21,582 alumni (68 percent of survivors) responded to mailed questionnaires in either 1962 or 1966 (1962/1966 ) that inquired about their sociodemographic characteristics, health practices, and medical history. Also available in university archives at that time was information obtained from a physical examination that these alumni were obliged to undergo as entering students at Harvard University.
In 1972 and again in 1977, we further mailed questionnaires to all surviving alumni, to request updated information on sociodemographic characteristics, health practices, and medical history. Response rates were 70 percent (20,883 alumni) and 67 percent (18,125 alumni), respectively. On these questionnaires, we specifically asked alumni about physiciandiagnosed gallbladder disease.
Eligible subjects for the present study were men who responded to the 1962/1966 questionnaire (providing information on characteristics during middle age and older) and whose data from their college physical examination were available in the university archives (providing information on characteristics during college time). Additionally, men had to have responded to either the 1972 or 1977 questionnaire, so that we could determine the presence or absence of physician-diagnosed gallbladder disease. For 79 men, this information on gallbladder disease was unclear and we excluded them from the present analysis. A total of 16,785 men satisfied all eligibility criteria, and these men made up the study population. >24.0. For smoking habit, we classified men into nonsmokers, smokers of pipes or cigars only, smokers of <l/2 a pack of cigarettes daily, and smokers of 1/2 a pack of cigarettes daily. Physical activity during college was categorized according to three levels: non-varsity athlete exercising <5 hours/week, nonvarsity athlete exercising >5 hours/week, and varsity athlete. Alcohol, coffee, and tea consumption were separate dichotomous variables (any consumption vs. none). For systolic/diastolic blood pressure, we classified students according to three categories, low, normal, and high, i.e., <110/<70, 110-139/70-89, and >140/>90mmHg.
In 1962/1966, alumni self-reported their weight, height, smoking habit, physical activity, and physiciandiagnosis of hypertension or diabetes mellitus via mailed questionnaires. We assessed physical activity by inquiring about the number of flights of stairs climbed daily, the number of city blocks walked daily, the types of sports or recreation carried out, and the time per week spent in these activities. Based on these data, we estimated an index of weekly energy expenditure in kcal/ week (21, 22) .
For characteristics assessed in 1962/1966, we used the following classification schemes: BMI, <22.0, 22.0-23.9, 24.0-26.9, and >27.0; smoking habit, never smokers, past smokers, pipe or cigar smokers or current smokers of <1 pack of cigarettes daily, and current smokers of ^1 pack of cigarettes daily; physical activity, by approximate fifths, i.e., <500, 500-999, 1,000-1,999, 2,000-3,499, >3,500 kcal/week; physician-diagnosed hypertension, no vs. yes; and physician-diagnosed diabetes mellitus, no vs. yes. In addition, we categorized alumni according to duration of smoking habit: never smokers, smokers of indeterminate duration, smokers who had smoked for <20, 20-34, and >35 years.
Between college time and 1962/1966, we also were able to assess BMI change. We categorized the change in BMI as <-1.0, -0.9 to 0.9, 1.0-2.9, 3.0-5.9, and >6.0 BMI units.
Assessment of predictors of gallbladder disease Ascertainment of gallbladder disease
As part of their college physical examination, men had their weight, height, and blood pressure measured. The students also provided information on their smoking habit, physical activity, alcohol consumption (only for students entering between 1916 and 1927), and coffee and tea consumption (only for students entering between 1933 and 1950).
Based on these data, we calculated body mass index (BMI) as weight (kg)/height (m) 2 during college and categorized the men into four approximately equal BMI groups: <20.0, 20.0-21.9, 22.0-23.9, and On the 1972 and 1977 questionnaires, we specifically asked alumni whether a physician had ever diagnosed gallbladder disease. We subsequently contacted the physicians of a subsample of alumni to validate such self-reports. The sensitivity of selfreported, physician-diagnosed gallbladder disease was 97 percent, and the specificity was 99 percent. Among study subjects, 685 cases of physician-diagnosed gallbladder disease were reported on the 1972 or 1977 questionnaires; 371 occurred after college time and before return of the 1962/1966 questionnaire; and the remaining 314 cases occurred after return of the 1962/ 1966 questionnaire.
Data analysis
Observed person-years of follow-up were calculated over categories of age (5-year increments), calendar year of entry (decades), and study characteristics. When we examined college characteristics, for each subject, we accumulated person-years of observation after the time of physical examination to the onset of gallbladder disease or, among those without gallbladder disease, return of the 1972 or 1977 questionnaire (whichever was later). The maximum length of follow-up was thus 61 years. In analyzing characteristics during middle age and older (i.e., ascertained from the 1962/1966 questionnaire), we excluded the 371 alumni who had already developed gallbladder disease by 1962/1966. Person-years of follow-up for each subject were accumulated after 1962/1966 until the onset of gallbladder disease or, among those without gallbladder disease, return of the 1972 or 1977 questionnaire (whichever was later). Maximum follow-up time was 15 years in these analyses.
We first calculated age-and calendar year-adjusted incidence rates of gallbladder disease associated with the different levels of the characteristics studied. We did so by dividing the number of cases in each category of age, calendar year, and level of study characteristic by the corresponding number of person-years at risk. The ratio of incidence rates (i.e., rate in category of interest/rate in referent category) allowed us to estimate age-and calendar year-adjusted relative risks (rate ratios). We then proceeded to multivariate analyses to estimate adjusted rate ratios, simultaneously controlling for several potential confounders. We assumed a Poisson model and estimated parameters using the statistical package GLIM (23, 24) . We calculated 95 percent confidence intervals for the estimated rate ratios of gallbladder disease. All p values cited were from two-tailed tests.
RESULTS
Age-specific incidence rates of gallbladder disease
At the time of their college physical examination, men were aged between 15 and 24 years. By the time of return of the 1962/1966 questionnaire, they had aged to between 32 and 74 years. Table 1 shows the incidence rates of gallbladder disease, calculated for two periods of time : 1916-1977 and 1962/1966-1977 . For the former period, the incidence rate increased from 2.7 per 10,000 person-years for the age group <35 years to 43.5 per 10,000 person-years for were similar for men aged ^35 years; few cases existed for the younger men, giving unstable incidence estimates. We did not observe a cohort effect in disease rates; incidence rates were similar for all cohorts that entered Harvard University during the different decades (data not shown).
Characteristics during college as predictors of gallbladder disease Table 2 presents the incidence rates and rate ratios of gallbladder disease associated with various college characteristics, adjusted for age and calendar year of entry. The distribution of person-years according to different levels of each characteristic also is shown.
Higher levels of BMI were progressively associated with increased risk of disease (p, trend = 0.005), and men with BMI >24.0 units had a significant, 46 percent increased risk when compared with their counterparts with BMI <20.0. Smoking habit, physical activity, and blood pressure were unrelated to risk. Alcohol, coffee, and tea consumption also were unrelated to risk of developing gallbladder disease (rate ratios (RRs) (95 percent confidence intervals (CIs)) = 0.89 (0.67-1.20), 0.90 (0.71-1.13), and 0.86 (0.68-1.09), respectively).
In multivariate analyses adjusting for age, calendar year of entry, smoking habit, physical activity, alcohol, coffee, and tea consumption, and blood pressure, the increased risk associated with higher levels of BMI was attenuated, with p of trend now being 0.15. 16,414 alumni; we excluded the 371 men who developed gallbladder disease between college time and 1962/1966. Again, the distribution of person-years according to different levels of each characteristic is shown.
Characteristics in 1962/1966 as predictors of gallbladder disease
As with college BMI, we observed higher levels of BMI during middle age and older to be associated with increased risk of developing gallbladder disease (p, trend < 0.0001). The magnitude of association here was stronger than for college BMI. Further, increased BMI gain from college to 1962/1966 also was significantly associated, in a step-wise fashion, with increased risk (p, trend < 0.0001). Smoking habit was directly related to risk of gallbladder disease, the relation being of borderline significance (p, trend = 0.06). However, duration of smoking habit was unrelated to risk, as was physical activity. We also found no association between physician-diagnosed hypertension or diabetes mellitus and subsequent risk of gallbladder disease (RRs (95 percent CIs) = 1.15 (0.80-1.64) and 0.88 (0.37-2.11), respectively).
Findings from the multivariate analysis are given in table 4 . In this analysis, we included terms for BMI, BMI change, smoking habit, and physical activity, in addition to age and calendar year of entry, simultaneously in a Poisson regression model. BMI continued to be positively associated with risk of gallbladder disease (p, trend = 0.002) and the rate ratios for the different BMI levels were little changed. BMI change also continued to be significantly and directly related to risk (p, trend = 0.013). However, the magnitude of increased risk associated with the largest BMI increase now was attenuated (RR = 2.16 in table 3 and RR = 1.46 in table 4). Smoking habit became significantly associated with risk in multivariate analysis {p, trend = 0.027), with current smokers experiencing a higher risk of gallbladder disease than never smokers. Physical activity, as before, was unrelated to risk.
We next proceeded to examine the association between BMI in 1962/1966 and incidence of gallbladder disease, stratified by age group (figure 1). For age groups <50, 50-59, and 5:60 years, the incidence of this disease increased steadily over the BMI categories <23.5, 23.5-24.9, and >25.0.
Finally, we examined jointly the association of BMI in 1962/1966 and BMI change from college with risk of gallbladder disease (figure 2). The influence of BMI change on disease risk did not differ between alumni who were lean (BMI <23.5) or obese (BMI >25.0).
DISCUSSION
These prospective data indicate that obesity, weight gain since early adulthood, and cigarette smoking are independently associated with increased risk of developing gallbladder disease in men. On the other hand, physical activity, alcohol, coffee, and tea consumption, hypertension, and diabetes mellitus appear to be unrelated to risk.
In the present study, after adjusting for potential confounders, obesity during middle age and older, but not college time, increased risk of gallbladder disease. It is likely that college BMI did not predict risk as well as BMI in 1962/1966, because in analyzing college BMI, we did not account for change in BMI that likely occurred during the up to 61 years of follow-up. The ensuing misclassification may have obscured an association between obesity and increased risk. When analyzing BMI in 1962/1966, we included a maximum follow-up time of 15 years, thus decreasing the likelihood of BMI change, and subsequent misclassification. Further investigation, stratifying alumni by age group (<50, 50-59, S:60 years), consistently showed higher levels of BMI in 1962/1966 to increase risk of gallbladder disease ( figure 1 ). In addition, after adjustment for BMI in 1962/1966, we found BMI gain since college time also to be associated with increased risk. We observed no significant interaction between BMI during middle age or older and BMI change since college ( figure 2) .
The possibility of surveillance bias cannot be excluded. That is, obese persons may be more likely to undergo diagnostic tests for digestive symptoms and thus be more likely to be diagnosed with gallbladder disease. We did not have data on symptoms and diagnostic tests in order to be able to address this issue.
The literature regarding BMI and risk of gallbladder disease have been less consistent in men than in women. Many previous studies, however, have been cross-sectional in design. A recent cross-sectional study of Japanese self-defense officials (5) found that men with BMI ^25.0 had an almost doubling of risk of gallstones, compared with men with BMI <22.5. This magnitude of increased risk is comparable with that seen in Harvard alumni. In two other studies (2, 3) , obesity was associated with increased risk of gallbladder disease in younger men, but not in older men. However, another group of investigators (4) reported the reverse: an increased risk only for older, obese men. Yet others (6) have observed no association between obesity and risk of this disease.
We found cigarette habit in 1962/1966, but not college time, to be associated with increased risk of gallbladder disease. As with BMI, this inconsistent observation is likely to have been due to misclassification of smoking habit after college, during the long period of follow-up. BMI and cigarette smoking are inversely correlated (25) ; thus, the independent association of each with risk of gallbladder disease is likely to be stronger, if confounding were perfectly controlled for. Residual negative confounding also may have contributed to the lack of association observed between cigarette habit in college and gallbladder disease. In four previous investigations (8) (9) (10) (11) , cigarette smoking was observed to increase risk of gallbladder disease in men. However, three other studies (5, 15, 16) found no such relation, although Japanese self-defense officials who currently smoked £:25 cigarettes/day had a 1.7-fold increase in risk, of borderline significance, when compared with never smokers (5). In our multivariate analysis, Harvard alumni who currently smoked £20 cigarettes/day had 1.52 times the risk of never smokers (table 4) . In women, Pastides et al. (18) found current smokers to have a lower risk of this disease. The investigators postulated that gallstone formation may be estrogen-related, because the disease is much more prevalent in women. Thus, the inverse association with cigarette smoking may be related to the antiestrogenic effect of smoking.
Among Harvard alumni, we found no association between physical activity and risk of gallbladder disease. Previous investigators, however, have described significant, inverse associations among men (9) and women (19) .
We also did not observe any relation between alcohol consumption and risk of gallbladder disease. This agrees with the studies by Thijs et al. (26) ; however, other investigators (6, 7, 11, 18) have reported an inverse relation. Experimental data (27) suggest that it is plausible for alcohol intake to inhibit gallstone formation, because alcohol may reduce bile lithogenicity by reducing cholesterol saturation of bile. In a crosssectional study, Kono et al. (5) observed an inverse association between alcohol intake and prevalent gallstones. On further investigation, the inverse relation was confined only to men who had undergone a cholecystectomy, which led the authors to believe that the reduced alcohol intake was secondary to disease occurrence.
For coffee or tea consumption, we found no association with risk of gallbladder disease, although a previous study suggested an inverse relation with caffeine intake (28) . In the present study, neither physiciandiagnosed hypertension nor diabetes mellitus was related to gallbladder disease. The latter finding concurs with data from the study by Kono et al. (5) .
The generalizability of our findings may be limited, because Harvard alumni are not representative of the general population. We restricted our study population to men who returned at least two mailed questionnaires, thus, effecting a 100 percent follow-up rate. However, alumni who diligently choose to return their health questionnaires may be more health conscious, further limiting generalizability. Nevertheless, these data provide valid information that adds to our knowledge regarding risk factors for gallbladder disease in men.
